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SchoolchildrenAbstract Objectives: To evaluate sexual dimorphism in crown width and cusp parameters of per-
manent maxillary first and second molars and to use these parameters to derive a new formulae for
sex determination in Libyan subjects.
Materials and methods: A sample of 200 upper dental casts of Libyan subjects (100 males, 100
females, aged 12–17 years) were selected from a larger cohort. Eight parameters were determined
for each of the left maxillary first (M1) and second (M2) molars using a digital caliper: four crown
width measurements (buccolingual, mesiodistal, mesiobuccal–distolingual and distobuccal–mesiolin
gual) and four cusp measurements (hypocone, protocone, paracone and metacone) were taken. The
percentage of sexual dimorphism for each parameter was computed. The accuracy of sex discrim-
ination for each molar individually and both molars combined was determined by discriminant
function analysis. A formula for sex determination was generated using the same statistical tool.
Results: The greatest sexual dimorphism was observed in the paracone and protocone for M1, and
in metacone and mesiobuccal–distolingual width for M2. The most accurate sex determination was
obtained using data of M1 alone, or M1 and M2 combined. Using these data, we were able to gen-
erate a formula for sex determination for each M1 and M2.
Conclusion: The formulae derived from this study, is potentially useful in narrowing the search and
identifying the sex of Libyan post-mortem records when other means of identification are not
feasible.
 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Revealing sexual identity is a key factor in the recognition of
human skeletal remnants as it lessens the number of potentialsuspects by half. Sex identification is considered an aid for cal-
culating the age of a subject at death since the following
approaches for age and stature assessment are usually sex
reliant.1 It has been reported that in forensics, shape and
parameters of the skull and pelvis are the most reliable sources
for human sex determination.2,3 Also, measurements of long
bones especially femur and humerus can indicate precisely
the sex of the remains.4 However, in many circumstances the
only feasible specimen for sex discrimination are teeth as they
can resist taphonomic decay more than other parts of the
Figure 1 Representation of the extracted measurements; 1-
buccolingual width, 2-mesiodistal width, 3-mesiobuccal–distolin-
gual diameter, 4-mesiolingual–distobuccal diameter.
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used in the identification of skeletal remains from a forensic
perspective. Several studies reported the utilization of tradi-
tional crown measurements (mesiodistal and buccolingual
crown parameters) in their odontometric sex discrimination
studies.6–11 Acharya and Mainali9 noticed that crown length
and breadth measurements in Nepalese population provided
a sex discrimination accuracy ranging between 68% and
81%. In a similar study, Ates et al.11 observed comparable
rates of precision (68–81%) in Turkish subjects. Lately,
Prabhu and Acharya10 detected regression accuracy of 63–
75% for both maxillary and mandibular teeth measurements
in the Indian population.
Recently, a number of published researches used the four
main maxillary molars cusp parameters (paracone [mesiobuc-
cal], protocone [mesiolingual], metacone [distobuccal], and
hypocone [distolingual]) in human biological investigations
and sex discrimination research.3,12 These researchers argued
that, investigations relying on the cusp parameter might be
more biologically reliable than examining the entire crown
dimension. This is because paracone develops prior to hypo-
cone and each of the molar cusps reveals a different growth
pattern13 and independent developmental characteristic14,15
which might suggest that odontometric features of each molar
crown might be revealed by the accumulative outcome of their
individual cusp parameters.16 It has been reported that teeth
which develop later are prone to be more variable in size
and reveal greater sexual discrepancy because of the increasing
difference in hormone secretion.17 Furthermore, significantly
fragmented remains where the mesial and distal tooth surfaces
are incapacitated might compromise the accuracy of crown
width and breadth measurements. Currently there are no
odontometric standards for sex discrimination in Libyan pop-
ulations. Thus, the aim of the present study was to evaluate
sexual dimorphism potential value of permanent maxillary first
and second molar crown widths and cusp parameters, further-
more, to compute a new formula for sex determination in Lib-
yan subjects.
2. Materials and methods
The examined sample comprised 200 maxillary casts selected
from a random sample obtained from Libyan schoolchildren
attending intermediate schools in Benghazi City comprising
19% of the whole Libyan population. Intermediate schools
were selected from a list obtained from the Ministry of Educa-
tion Directorate in Benghazi and were based on five geo-
graphic regions; central, Eastern, Western, Northern and
Southern. Four schools were selected randomly from each geo-
graphic area. The total number of students attending these
schools was 43,881 (22,248 females and 21,633 males), a strat-
ified sampling approach was followed in data collection where
the number of subjects recruited from each district varies along
with the total number of students to ensure fair representation
of the targeted population. A list of children in each classroom
was obtained; every fifth child was examined to assure ran-
domization. The students who fulfilled the inclusion criteria
were requested to participate in the study after informing their
parents and obtaining consents. Nine hundred students (453
males and 447 females) aged 12–17 years were examined at
the school premises by one examiner (I.B). The participantswere of Libyan origin for at least two generations with no
craniofacial abnormalities and none had undergone previous
orthodontic treatment. All permanent teeth were fully erupted
up to the second molars, with no caries or restorations, tooth
wear and no micro or macrodontia that might interfere with
accurate assessment or precise odontometric information. A
total of 343 students (169 males with a mean age of 14.1 years,
SD = 1.1 and 174 females with a mean age of 14.4 years,
SD = 1.1) fulfilled the reported requirements which was used
to conduct other research studies related to malocclusion.17,18
Further inclusion criteria were added to undertake the present
study. Thus, only the teeth with intact and clear morphology
of the four principal cusps (protocone, paracone, metacone,
and hypocone), clear and distinguishable central pit and
marked fissures that separate the cusps were included in the
study (Figure 2). Subjects with unclear crown morphology or
with obscure main fissures that separate the cusps due to
decay, restoration or attrition were excluded from the study.
Only 200 subjects (100 males, 12–16 years of age with a mean
age of 14.5 years, SD = 1.2 and 100 females, 12–16 years of
age with a mean age of 14 years, SD = 1.1) had fulfilled the
inclusion criteria.
2.1. Measurements
The mesiodistal (MD), buccolingual (BL), diagonal mesiobuc
cal–distolingual (MB–DL) and distobuccal–mesiolingual
(DB–ML) crown dimensions of the left permanent maxillary
first (M1) and second (M2) molars were calculated on each
cast (Figure 1) employing a digital caliper (BGS Germany Ver-
nier Caliper 0–150; accuracy 0.01 mm) by one operator (F.E)
blinded to the sex of the examined models. The MD parameter
was recorded as the greatest measurement between the contact
points on the estimated surfaces of the tooth crown. Measure-
ments were extracted with the caliper beaks placed occlusally
along the long axis of the tooth. The BL measurement was
determined as the maximum distance between the buccal and
lingual surfaces of the tooth crown, calculated when the caliper
beaks were held at right angles to the MD parameter.19 The
diameter of each cusp was computed by measuring the diago-
nal distance from the central pit to the most distant point
Figure 2 Primary cusps of maxillary first molar.
Table 1 There was no statistical significant age difference
between the examined subjects (P> 0.05) as detected by
unpaired t-test. Mean age for males and for females.
Age Male
Mean (SD)
14.06 (1.24)
Female
Mean (SD)
14.18 (1.06)
12 11 8
13 18 15
14 32 39
15 30 28
16 8 6
17 1 2
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related cusp (Figure 2). The central pit is situated at the base
of central fossa, at the point in the middle of the triangle
approximately halfway from the apices of the three cusps.
Although the location of the central pit will be affected by
the relative position of cusps, it is the key trait of all maxillary
molars and provides an appropriate landmark to evaluate the
size of individual cusps.12 Subsequently, the following area and
indices were computed from the extracted parameters:
Crown area : MD BL
Crown index :
BL
MD
 100
Cusp index ¼ Cusp diameterﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
MD BLp  100
The crown area represents the overall crown parameter,
while, the crown index provides the relative size of the MD
and BL crown diameters referred to the overall crown propor-
tions. The cusp index calculates cusp size relative to the whole
crown dimension.20 Corresponding correlations between M1
and M2 were assessed by the reduction index addressed as
100 (M2/M1) by Fujita.21 This index indicates the size of the
more reduced tooth (M2) relative to the stable tooth (M1)
and presented as percentage. The percentage frequencies of
Molar Size Sequence (MSS) were computed for each crown
parameter. Specifically, the occurrence of M1 <M2,
M1 =M2 and M1 >M2 were computed for each variable.
To consider the effect of measurement error, when the discrep-
ancy between M1 and M2 crown and cusp diameters was
<1.0 mm, M1 size was registered as equal to M2. In the case
of crown areas, M1 size was considered as equal to M2 size
when the difference was <1.0 mm. Furthermore, sex discrep-
ancy was compared by calculating the percentage of sexual
dimorphism22 using the following equation [(M  F/F) 
100], where M and F are the mean values of males and females.
2.2. Statistical analysis
Statistical analysis was performed using SPSS, Chicago, Illi-
nois version 17.
Descriptive statistics (mean and standard deviation) were
computed for all variables. Independent Student t-test was
used to explore sexual dimorphism and the mean values ofcrown variable dimensions in M1 and M2. Statistical signifi-
cance was set at the level P< 0.05. Differences between fre-
quencies were evaluated employing chi-square tests. When
the cell count was less than five, Fisher’s exact test was con-
ducted. Furthermore, principal component analysis was used
to assess factors influencing the disparity in the molar crown
measurements of both sexes.
The percentage of sexual dimorphism (the percentage by
which tooth size in males is greater than in females) was com-
puted applying the following equation:
Percentage of sexual dimorphism ¼ ½ðXm=XfÞ  1  100
where Xm=mean male tooth dimension, Xf = mean female
tooth dimension.
Functional discriminant analysis was applied to develop a
set of formulae for identifying sex. Gender was the dependent
function of the independent variables such as; BL, MD, MD–
BL, and DB–ML crown widths and all cusp diameters. To
address the conservation disparity of forensic remnants, multi-
variate functions were computed for both M1 and M2 com-
bined together when both teeth are preserved in the
remnants. Also, separately for each of M1 and M2 when only
one tooth is conserved in the remains.
2.3. Assessment of method error
Thirty randomly selected casts were re-examined after a two-
week interval to assess the reproducibility of intra-operator
occlusal trait measurements. The intraclass correlation coeffi-
cient was found to be greater than 0.90 indicating excellent
reproducibility between both traits.
3. Results
There was no statistical significant differences in the distribu-
tion of all subjects included in the study according to age
and sex (Table 1) as revealed by Student unpaired t-test
(P> 0.05). Student paired t-test showed no significant differ-
ences between the paired measurement of M1 and M2
(P> 0.05) (Table 2). Thus the left M1 and M2 measurements
were used in this study. Basic descriptive statistics (mm) of
crown parameters for males and females separately and their
sexual dimorphism in M1 and M2 were undertaken. Com-
puted parameters including the crown area were significantly
larger in M1 than in M2 (P< 0.030) except for the similar
diameter of protocone (P= 0.961). The crown measurements
Table 2 Descriptive statistics (mm) and sexual dimorphism of
crown widths and cusp diameters of the left maxillary first and
second permanent molars (M1 and M2).
Males Female Sexual
dimorphism
Mean
(SD)
CV Mean
(SD)
CV % P
M1
BL 10.53
(0.62)
5.9 10.18
(0.52)
5.1 4.28 <0.001
MD 10.01
(0.53)
5.3 9.84
(0.62)
6.3 2.16 0.032
Crown
area
105.57
(10.35)
9.8 100.28
(9.98)
10 5.28 <0.001
MB–DL 11.87
(0.56)
4.7 11.60
(0.56)
4.8 2.65 0.001
ML–DB 10.42
(0.60)
5.8 10.12
(0.60)
5.9 3.30 0.001
Hypocone 4.93 (0.50) 10.1 4.77
(0.48)
10 4.65 0.015
Protocone 5.06 (0.46) 9.1 5.05
(0.50)
9.9 10.01 0.951
Paracone 4.85 (0.40) 8.2 4.78
(0.41)
8.6 11.98 0.196
Metacone 6.19 (0.53) 8.6 6.02
(0.60)
9.9 3.75 0.041
M2
BL 10.11
(0.67)
6.6 9.80
(0.56)
5.8 3.60 <0.001
MD 9.17 (0.61) 6.7 8.96
(0.66)
7.4 2.79 0.026
MB–DL 10.77
(0.84)
7.8 10.42
(0.91)
8.8 4.14 0.005
ML–DB 9.80 (0.68) 6.9 9.61
(0.61)
6.4 2.39 0.037
Crown
area
92.86
(10.25)
11 87.99
(9.97)
11.3 5.53 0.001
Hypocone 4.83 (0.52) 10.7 4.69
(0.45)
9.7 3.86 0.055
Protocone 5.07 (0.46) 9 5.05
(0.46)
9 1.34 0.755
Paracone 4.42 (0.51) 11.6 4.34
(0.48)
11 2.88 0.281
Metacone 5.08 (0.73) 14.3 4.82
(0.76)
15.9 7.61 0.061
MD: mesiodistal; BL-buccolingual; MB–DL-mesiobuccal–dis-
tolingual; DB-distobuccal–mesiolingual width.
MD: mesiodistal; BL-buccolingual; MB–DL-mesiobuccal–dis-
tolingual; DB-mesiolingual–distobuccal width.
CV: coefficients of variation (%). Crown area is computed by
multiplying MD and BL (mm2).
Table 3 Basic descriptive statistics of crown indices and their
sexual dimorphism in the left maxillary first and second
permanent molars (M1 and M2) (%).
Males Female P Sexual
dimorphism
Mean
(SD)
CV Mean
(SD)
CV
M1
Crown
index
105.27
(6.04)
5.7 103.67
(5.57)
5.4 0.053 1.54
Hypocone
index
48.12
(4.61)
9.6 47.65
(4.31)
9 0.466 0.99
Protocone
index
49.34
(4.37)
8.9 50.61
(5.04)
10 0.060 2.51
Paracone
index
47.32
(3.95)
8.4 47.80
(3.96)
8.3 0.394 1.00
Metacone
index
60.35
(5.23)
8.7 60.25
(5.83)
9.7 0.907 0.17
M2
Crown
index
110.66
(10.25)
7.6 109.66
(8.38)
6.8 0.374 0.91
Hypocone
index
50.20
(4.97)
9.9 50.15
(4.27)
8.5 0.938 0.10
Protocone
index
52.69
(4.39)
8.3 53.94
(4.77)
8.8 0.055 2.32
Paracone
index
45.95
(5.35)
11.6 46.36
(4.53)
9.8 0.566 0.88
Metacone
index
52.80
(7.34)
13.9 51.37
(6.97)
13.6 0.160 2.78
CV: coefficients of variation (%).
160 F. El Sheikhi, I. Bugaighisappeared to be more variable in M2 compared to M1 except
for the hypocone which had similar variations in both molars
(P= 0.055). Furthermore, the coefficient of variance revealed
that the MD and BL, MB–DL and ML–DB crown measure-
ments were the most stable in size followed by crown areas
and cusp dimension except for the metacone in M2 which
had the most variable size among the examined measurements
(14.3% in males and 15.9% in females).
Table 3 displays the basic descriptive statistics of crown
indices and their sexual dimorphism in both M1 and M2.
The crown index was significantly greater and more variablein M2 (Mean = 110.66, SD = 10.25 for males and
Mean = 109.66, SD = 8.38 for females) compared to M1
(Mean = 105.27, SD = 6.04 for males and Mean = 103.67,
SD = 5.57 for females). This outcome indicates that the BL
diameter was relatively significantly greater than the MD
width in M2 compared to the corresponding measurements
in M1 and this was confirmed by the outcome of paired Stu-
dent t-test (P< 0.001). There were significant discrepancies
between the calculated cusp indices in M1 and M2
(P< 0.001), except for the similar hypocone and protocone
indices (PP 0.169) in both M1 and M2, while, the coefficient
of variation in M1 and M2 metacone was larger in both males
and females (13.9% and 13.6% respectively) compared to the
coefficient of variance of the other indices (611.6%). Further-
more, there was no significant sexual dimorphism among all
the calculated indices of both molars (PP 0.053).
Reduction indices showed that the BL diameter was greater
than the MD measurement in M2 compared to M1 (Table 4).
The paracone reduction index was the most reduced among
the four measured cusps followed by metacone, while proto-
cone reduction index was almost 100% indicating similar pro-
tocone dimensions in M2 and M1 in both sexes. Furthermore,
there was no significant sexual dimorphism in all the reduced
indices.
Table 5 presents the MSS for males and females. The
M1 >M2 sequence was noticed more frequently in MD than
the BL diameter. Additionally, it was more frequently found in
the distal cusps (metacone and paracone) compared to the
mesial cusps (hypocone and protocone) in both males and
females. In metacone, M1 =M2 and M1 <M2 sequences
Table 4 Basic statistics of reduction indices and their sex
differences in the left maxillary first and second permanent
molars (M1 and M2).
Males Female Sexual
dimorphism
Mean
(SD)
CV Mean
(SD)
CV % P
BL 96.18
(5.21)
5.4 96.34
(4.46)
4.6 0.16 0.818
MD 91.67
(6.11)
6.73 91.26
(6.20)
6.8 0.46 0.640
Crown
area
88.22
(8.09)
9.2 87.97
(7.81)
8.9 0.25 0.823
Hypocone 95.93
(11.35)
11.8 93.59
(11.49)
12.3 2.34 0.149
Protocone 100.78
(11.47)
11.4 100.53
(11.63)
11.6 0.25 0.877
Paracone 71.76
(9.27)
12.9 72.81
(11.14)
15.3 1.05 0.471
Metacone 82.28
(11.28)
13.7 80.37
(12.21)
15.2 1.91 0.252
MD: mesiodistal; BL-buccolingual; MB–DL-mesiobuccal–dis-
tolingual; DB-distobuccal–mesiolingual width.
MD: mesiodistal; BL-buccolingual; MB–DL-mesiobuccal–dis-
tolingual; DB-mesiolingual–distobuccal width.
CV: coefficients of variation (%).
Crown area is computed by multiplying MD and BL (mm2).
Sexual dimorphism: P value obtained by unpaired Student t-test.
Table 6 Rotated factor pattern of principal components
analysis.
Factor 1 Factor 2
MD 0.854 0.359
BL 0.714 0.673
Pa 0.599 0.715
Pr 0.601 0.652
Me 0.629 0.216
Hy 0.724 0.064
Eigenvalue 2.878 0.892
Cumulative percentage (%) 47.97 14.86
Abbreviations of crown dimensions are summarized in Table 1.
Sex discrimination in Libyan subjects 161were rarely found in both sexes. Whereas, M1 =M2 and
M1 <M2 sequences in paracone had similar frequencies in
both males and females.
Principal component analysis was undertaken to explore
factors contributing to the discrepancies in crown parameters
of molar teeth. Varimax rotation of the raw components with
eigenvalues more than 1 was conducted to enable elucidation
of the factor components. Variance of two principal compo-
nent factors comprised 62.83% of the total variance (Table 6).
The first component related mainly to the MD (0.854), BL
(0.714), hypocone (0.724), paracone (0.629) and protocone
(0.601). While, the second component represented primarily
the paracone (0.715), protocone (0.652) and BL dimension.Table 5 The Molar Size Sequence (MSS) for the recorded measurem
square sex difference.
Variables MD (%) BL (%) Crown area (%) Paraco
Male
M1>M2 92 73 95 76
M1 =M2 3 9 0 11
M1 <M2 5 18 5 13
100 100 100 100
Female
M1>M2 88 76 94 77
M1 =M2 6 10 0 9
M1 <M2 6 14 14
100 100 100 100
0.132 0.391 0.245 0.071The first component was correlated to the mesiodistal
diameter and distal cusp parameter, while the second compo-
nent was associated with the buccolingual diameter and mesial
cusp parameter.
3.1. New formulae for sex determination
On collective classification (M1 +M2, n= 400), all variables
revealed significant sexual dimorphism on assessment of
equality between the group means (P 6 0.017) except for
protocone and paracone (PP 0.136). Thus, they were
excluded from the analysis. For the remaining variables the
generated equation was as follows: Y= [(1.454  BL) +
(033 MD) + (0.759 MB–DL) + (0.186 ML–DB) +
(0.646  hypocone) + (0.225  metacone)  15.455]. The
classified value of Y was found to be <0.286 for males and
>0.286 for females. On validation, the accuracy of sex assess-
ment was found to be 60.5% for males and 62% for females.
Overall accuracy was found to be 61.3%.
On taking M1 as the classifier (n= 200), all the variables
were found to be significantly associatedwith discriminant func-
tion sex assessment of equality of group means (P 6 0.041),
except for protocone and paracone diameters (PP 0.169).
Thus, both variables were excluded from the final discriminant
function analysis. For the remaining variables, the equation
was as follows: Y= [(1.355  BL) + (0.487 MD)
+ (0.759 MBDL) + (0.096 MLDB) + (0.434  hypocone)
+ (0.429  metacone)  20.245]. The classified value of Y wasents in percentage (%) for each of males and females and the chi-
ne (%) Protocone (%) Metacone (%) Hypocone (%)
48 92 49
12 3 13
40 5 38
100 100 100
52 96 54
12 1 12
36 3 34
100 100 100
0.375 0.261 0.409
162 F. El Sheikhi, I. Bugaighisfound to be <0.355 for males and >0.355 for females.
On validation, the accuracy of the assessment was found
to be 60% for males and 66% for females. Overall accuracy
was 63%.
On taking M2 as the classifier (n= 200), all variables were
found to be significantly associated with discriminant function
gender on assessment of equality of group means (P 6 0.0.26),
except for hypocone, protocone and paracone diameters
(PP 0.055). Thus, they were excluded from the final discrimi-
nant function analysis. For the remaining variables, the equa-
tion was as follows: Y= [(1.336  BL) + (0.015 MD)
+ (0.057 MBDL) + (0.112 MLDB) + (0.564  meta-
cone)  15.754]. The classified value of Y was found to be
<0.285 for males and >0.285 for females.
On validation, the accuracy of the assessment was found to
be 55% for males and 59% for females. Overall accuracy was
57%. Thus, the first molar displayed the maximum precision
for both sexes independently (60% for males and 66% for
females. Overall accuracy was 63%).4. Discussion
The present study was a prospective cross-sectional observa-
tional study. The current sample was randomly collected from
students attending intermediate schools in Benghazi city for
conducting the present study as well as a number of other
investigations.17,18 Kondo et al.12 conducted their research
on study models of dental students. Other similar studies
undertaken on different populations were retrospective and
used pretreatment study casts of subjects attending orthodon-
tic departments who are not considered to be representable of
the targeted populations2 or human skeletons.1
The examined teeth in this study were the multirooted first
and second maxillary molars which are generally less affected
than the anterior teeth by perimortem incidents such as
trauma, burning and post mortem conditions (such as weath-
ering and earth acidity). Also, the individual cusp parameters
were utilized instead of the conventional MD and BL measure-
ments which might be compromised by the effect of the differ-
ent antemortem processes that can fracture or compromise
tooth surfaces either from the MD or BL sides the dentition.
A number of techniques for extraction of tooth dimension
have been reported in the literature; Macaluso1 assessment
tool was standardized occlusal view photographs rendered
from a digital camera. Eboh et al.23 and Sonika et al.24
extracted cusp parameters directly from the participants’
mouths employing a digital veneer caliper. Both the present
study and Sharma et al’s.3 research extracted cusp parameters
from study casts using digital calipers. Dental casts are a pre-
cise replication of teeth in a proportion of 1:1. Also, measure-
ments could be easily reassessed if required without the need of
recalling the participants.
Generally, the mean measurements of the M1 were greater
than those in M2. Later formed teeth in ontogeny appear to be
smaller in size compared to earlier developed teeth of the same
group as a consequence of space constraint12,25–27, except for
the similar measurements of BL dimensions of both the first
and second molars which were freed from that restriction.
These findings are supported by results of similar studies12,20,28
and were confirmed by the reduction indices and MSS findings.Additionally, the finding that the distal crown cusps in M2
(metacone and hypocone) had greater sexual variability com-
pared to the mesial cusps in the same tooth (protocone and
hypocone) seem to agree with the reported postulation that
the later developed have higher sexual dimorphism compared
to earlier developed mesial crown components.12,25,29 How-
ever, in the present cohort, sexual disparity in M1 was more
pronounced in the earlier developed cusps (paracone and pro-
tocone) compared to the later developed cusps (metacone and
hypocone). Greater sexual dimorphism was noticed in both
M1 and M2 in black South Africans. Also, similar results were
found in Japanese subjects where the authors concluded that
the first formed cusps do not necessarily present the least sex-
ual disparity.12 These contradictory findings might support the
suggestions of Guatelli-Steinberg et al.30 who stated that the
timing of dental crown formation and the linked changes in
sex hormone secretion might have merely a slight control in
the organization of crown parameter sexual disparity.
A significant sexual dimorphism in cusp dimension was
noticed in the present cohort with males revealing greater mea-
surements than females. This is in concordance with the find-
ings of similar published studies.31,32 It has been reported
that this relative sexual discrepancy in tooth parameters is
related to the existence of comparatively greater dentine in
crowns of male teeth whereas the X chromosome appears to
be controlling enamel width.33,34
In the present research, BL parameters in M1 and M2
showed greater sexual dimorphism compared to the MD mea-
surements of the corresponding teeth. Similar outcome was
noticed in the Caucasian cohort7 and in orthodontic Indian
patients.3
Cusp size discrepancies have been reported among different
populations. The cusp size for both M1 and M2 in decreasing
sequence in Indian Jat Sikh subjects was reported as;
hypocone > protocone >paracone> metacone32, while in
the north Indian study, the existed order was hypocone > para-
cone > protocone > metacone in both maxillary first and sec-
ond molars3. However, Kondo et al.12 found the order for the
Japanese, to be: protocone > hypocone > paracone > meta-
cone. Biggerstaff35 reported that in Caucasian Americans the
rank was protocone > metacone > paracone > hypocone.
This variation could be attributed to racial differences in the
studied populations. The decreasing rank of the cusp parame-
ters in the present examined sample for M1 was para-
cone > protocone > hypocone > metacone and for M2 was
in the following sequence; metacone > hypocone > paracone
> protocone.
In the current study, significant sexual dimorphism was
noticed in both the hypocone and metacone in M1. However,
the sexual discrepancy was not significant in protocone and
paracone (the sequence of sexual dimorphism was;
hypocone > metacone > paracone > protocone). Whereas,
there was no significant sexual dimorphism in M2 examined
cusps and the sequence of sexual dimorphism was as follows;
hypocone > metacone > paracone > protocone. These results
are different from those reported by Sharma et al.3 in the north
Indian population (significant sexual dimorphism in protocone
and paracone in M1 and in hypocone and paracone in M2).
Also, the findings of both studies vary from those observed
in the Indian Jat Sikh subjects32 where the sexual dimor-
phism in cusp size for M1 was in the following order;
Sex discrimination in Libyan subjects 163hypocone > metacone > protocone > paracone, and that in
M2 was; hypocone > protocone > paracone > metacone.
The outcome of the current investigation revealed that sex-
ual dimorphism was more prevalent in the paracone followed
by the protocone in M1. These findings are not in agreement
with the published outcome of similar studies undertaken on
black South African’s5, Japanese12 and North Indian3 subjects
where the hypocone had the most sexual discrepancy among
the examined cusps and the least sexual dimorphism was
observed in the protocone in M1 and M2. In the present study,
the least sexual dimorphism was observed in the protocone of
both M1 and M2. Additionally, hypocone in M1 showed the
second most sexual measurement discrepancy in black South
African’s,5 Japanese.12 Paracone in M1 had the highest sexual
dimorphism in North Indian subjects3 in contrast to the pre-
sent study. These differences might be attributed to the geo-
graphically disparate populations.
M1 and M2 offered low to moderate sex discrimination
with overall classification precision for the derived discrimi-
nant functions ranging between 55% and 66%. These classifi-
cation outcomes are similar to those reported in previous
investigations for North Indians3 and black South Africans5
regarding sex allocation. In particular, Kieser et al.36 reached
sex discrimination rates of 70.2% for males and 66.7% for
females employing crown width and length of the maxillary
teeth. In their research, the greatest precision was derived when
M1was used separately than when M2 was employed indepen-
dently or when both molars were used together. This is also
true for our study where the most accuracy was achieved when
M1 was used independently (66.5%) than when M2 was used
(63.5%) or using both M1 and M2 together (63%).
The present study shows that orthodontic records can
be of significant use in forensics dentistry for identifying
the sex of Libyan human skeletal remains when it is not
reasonable to undertake other forensic methods due to
degradation of the examined remains. The equations
reported in the current investigation which were utilized
from the subjects’ dental casts can assist in reducing the
investigation for ante-mortem records by helping in recog-
nizing the sexual identity of the examined remains in the
Libyan population.5. Conclusions
 Sex disparity was found in both M1 and M2 with males pre-
senting with larger parameters compared to females.
 The paracone and protocone in M1 revealed the greatest
sexual dimorphism.
 Odontometric parameters in M1 and M2 offer low to mod-
erate sex discrimination precision.
Funding
There is no fund related to this article.Conflict of interest
There is no conflict of interest related to this article.Informed consent
Parents of students were informed.
Ethical approval
Ethical approval was secured from the Ministry of Health in
Benghazi, Libya.
References
1. Macaluso Jr PJ. Sex discrimination potential of permanent
maxillary molar cusp diameters. J Forensic Odontostomatol
2010;28:22–31.
2. Krogman WM, I´scan MY. The human skeleton in forensic
medicine. 2nd ed. Springfield, IL: Charles C Thomas Pub.; 1986.
3. Sharma P, Singh T, Kumar P, Chandra PK, Sharma R. Sex
determination potential of permanent maxillary molar widths and
cusp diameters in a North Indian population. J Orthodontic Sci
2013;2:55–60.
4. France DL. Observational and metric analysis of sex in the
skeleton. In: Reichs KJ, editor. Forensic osteology: advances in the
identification of human remains. 2nd ed. Springfield, IL: Charles C
Thomas Pub.; 1998.
5. Kieser JA. Human adult odontometrics: the study of variation in
adult tooth size. No. 4. Cambridge University Press; 1990.
6. Moorrees CFA, Thomsen SO, Jensen E, Yen PKJ. Mesiodistal
crown diameters of the deciduous and permanent teeth. J Dent Res
1957;36:39–47.
7. Garn SM, Lewis AB, Kerewsky RS. Relationship between
buccolingual and mesiodistal tooth diameters. J Dent Res
1968;47:495.
8. Townsend G, Brown T. Tooth size characteristics of Australian
Aborigines. Occas Pap Hum Biol 1979;1(1):17–38.
9. Acharya AB, Mainali S. Sex discrimination potential of buccol-
ingual and mesiodistal tooth dimensions. J Forensic Sci 2008;53
(790–92):5.
10. Prabhu S, Acharya AB. Odontometric sex assessment in Indians.
Forensic Sci Int 2009;192, 129.e1–29.e5.
11. Ates M, Karaman F, Iscan MY, Erdem TL. Sexual differences in
Turkish dentition. Leg Med 2006;8:288–92.
12. Kondo S, Townsend GC, Yamada H. Sexual dimorphism of cusp
dimensions in human maxillary molars. Am J Phys Anthropol
2005;128:870–7.
13. Kraus BS, Jordan RE. The human dentition before birth. Philadel-
phia: Lea & Febiger; 1965.
14. Osborn HF. Trituberculy in relation to the human molar teeth and
primates. In: Gregory WK, editor. Evolution of mammalian molar
teeth to and from the triangular type. New York: Macmillan; 1907.
15. Patterson B. Early cretaceous mammals and the evolution of
mammalian molar teeth. Fieldiana Geol 1956;13:1–105.
16. Kanazawa E, Sekikawa M, Akai J, Ozaki T. Allometric variation
on cuspal areas of the lower first molar in three racial populations.
J Anthropol Soc Nippon 1985;93:425–38.
17. Bugaighis I, Karanth D. The prevalence of malocclusion in urban
Libyan schoolchildren. J Orthodontic Sci 2013;2:1–6.
18. Bugaighis I, Karanth D, Elmouadeb H. Mixed dentition analysis
in Libyan schoolchildren. J Orthodont Sci 2013;2:115–9.
19. Jensen E, Kai-Jen P Yen, Moorrees CF, Thomsen SO. Mesiodistal
crown diameters of the deciduous and permanent teeth in
individuals. J Dent Res 1957;36:39–47.
20. Kondo S, Yamada H. Cusp size variability of the maxillary
molariform teeth. Anthropol Sci 2003;111:255–63.
21. Fujita T. On the reduction index abstract. Kaibogaku Zasshi [Acta
Anat Nippon] 1950;25:196 [in Japanese].
164 F. El Sheikhi, I. Bugaighis22. Garn SM, Lewis AB, Swindler DR, Kerewsky RS. Genetic control
of sexual dimorphism in tooth size. J Dent Res 1967;46:963–72.
23. Eboh G, Deo A, Igbigbi PS. Mandibular canine index in sex
determination. J Med Biomed Res 2011;9:67–73.
24. Sonika V, Harshaminder K, Madhushankari GS, Sri Kennath JA.
Sexual dimorphism in the permanent maxillary first molar: a study
of the Haryana population (India). J Forensic Odontostomatol
2011;29:37–43.
25. Takahashi M, Kondo S, Townsend GC, Kanazawa E. Variability
in cusp size of human maxillary molars, with particular reference
to the hypocone. Arch Oral Biol 2007;52:1146–54.
26. Gingerich PD, Schoeninger MJ. Patterns of tooth size variability
in the dentition of primates. Am J Phys Anthropol 1979;51:457–66.
27. Yamada H, Brown T. Contours of maxillary molars studied in
Australian Aborigines. Am J Phys Anthropol 1988;76:399–407.
28. Macho GA, Moggi-Cecchi J. Reduction of maxillary molars in
Homo sapiens: a different perspective. Am J Phys Anthropol
1992;87:151–9.
29. Kondo S, Townsend G. Sexual dimorphism in crown units of
mandibular deciduous and permanent molars in Australian
Aborigines. HOMO 2004;55(1):53–64.30. Guatelli-Steinberg G, Sciulli PW, Betsinger TK. Dental crown size
and sex hormone concentrations: another look at the development
of sexual dimorphism. Am J Phys Anthropol 2008;137:324–33.
31. Dempsey PJ, Townsend GC. Genetic and environmental contri-
butions to variation in human tooth size. Heredity (Edinb)
2001;86:685–93.
32. Agnihotri G, Sikri V. Crown and cusp dimensions of the maxillary
first molar: A study of sexual dimorphism in Indian jatsikhs. Dent
Anthropol 2010;23:1–6.
33. Iscan MY, Kedici PS. Sexual variation in bucco-lingual dimen-
sions in Turkish dentition. Forensic Sci Int 2003;137:160–4.
34. Alvesalo L, Tammisalo E, Townsend G. Upper central incisor and
canine tooth crown size in 47, XXY males. J Dent Res
1991;70:1057–60.
35. Biggerstaff RH. Cusp size sexual dimorphism, and the heritability
of maxillary molar cusp size in twins. J Dent Res 1976;55:189–95.
36. Kieser JA, Groeneveld HT, Preston CB. A metric analysis of the
South African Caucasoid dentition. J Dent Assoc S Afr
1985;40:121–5.
